Abstract -Changes in land cover, especially the replacement of forest by agricultural activities affect the hydrological processes of river catchments, resulting in physical and chemical compositional changes of water draining from affected basins. The aim of this study was to evaluate landscape influences at different spatial scales (catchment and riparian) on the physical and chemical composition of stream water in 15 agricultural catchments, belonging to the Corumbataı´basin (Brazil). We calculated the average slope (%), average elevation (m), soil classes (%), major land use classes (%), average distance from the forest cover in relation to the hydrographic network (m), largest patch index (%) at the catchment scale and riparian zone of drainage network scale within a 30 m buffer. Water samples were collected in two seasons (dry and rainy) to characterize physical and chemical properties: turbidity, suspended solids, total nitrogen, nitrate and total phosphorus. Our results showed higher concentration of nitrate in sugarcane fields and larger amount of suspended solids and turbidity in pasture areas. We concluded that degraded and highly fragmented forests may not be effectively contributing toward the protection of aquatic ecosystems.
Introduction
The properties of stream water respond directly to land cover changes in the catchments which they drain (Johnson et al., 1997; Storey and Cowley, 1997; Park et al., 2011) . For this reason, changes in the forest cover of a catchment exert influence on the physical and chemical characteristics of water bodies, affecting the natural hydrological and ecological processes that occur in the aquatic environment (Ziemer and Lisle, 1998; Allan and Castillo, 2007) .
Forest cover acts in different ways to conserve aquatic ecosystems, especially in areas close to water bodies. These areas are characterized as a transition zone between aquatic and terrestrial ecosystems and are thus essential for the maintenance and conservation of aquatic ecosystem and limnological characteristics of the water (Naiman and De´camps, 1997; Naiman et al., 2005) . Riparian forests play a crucial role for ecological functions such as nutrient cycling, hydrological regulation, food and shelter provisioning for the aquatic fauna, maintenance of the microclimate and energy flow (Gregory et al., 1991; Naiman and De´camps, 1997; Naiman et al., 2005) , stabilization of banks (Allmendinger et al., 2005) and filtration of nutrients and materials from the surrounding areas (Wenger, 1999; Bicalho et al., 2010) .
The removal of forests to establish pasture or crops causes exposure to the diverse changes generated by agricultural expansion (Johnson et al., 1997; Hunter and Walton, 2008) . This includes the release of chemicals into water bodies, soil erosion and the reduction of riparian areas (Johnson et al., 1997; Hunter and Walton, 2008) .
The Corumbataı´River Basin is located in an area of intensive economic development in the State of Sa˜o Paulo (Brazil), with a long history of land use and occupation. (Victor et al., 2005) Thus, its landscape consists of a matrix of agricultural uses (pasture and sugarcane) (Valente and Vettorazzi, 2003) and in many cases the remaining forests are very fragmented and degraded (Rodrigues, 1999; Valente and Vettorazzi, 2005) . Owing to the remaining forests are degraded, their functions for the protection and conservation of water and aquatic ecosystems may be substantially decreased. In this study, we evaluated the influence of the landscape at different spatial scales (catchment and riparian zone) on the physical and chemical composition of stream water in agricultural catchments. Our hypothesis is that changes in the forest cover configuration (reduction and fragmentation) due to agricultural activities increase the input of nutrients and sediments to the stream water. The specific objectives were: (1) to evaluate whether water quality differ among catchments with pasture, sugar cane and forest cover by increasing nutrient and sediment input into the stream water; (2) to evaluate the relationships between water characteristics and landscape structure variables.
Material and methods

Study area
The study was conducted in 15 catchments in the Corumbataı´river basin (areas ranging from 98 to 600 ha, Fig. 1 ), as a sub-basin of the Piracicaba river basin. It is located in the state of Sa˜o Paulo and covers an area of 171 km 2 . The region has a sub-tropical climate of type "Cwa" (Ko¨ppen), i.e., with rainy summers and dry winters, with over 80% of annual rainfall occurring from October to February, and only 20% during March to September (Valente and Vettorazzi, 2008) . The main river in the region is the Corumbataı´, which has its headwaters in the city of Analaˆndia and flows into the Piracicaba river. The Corumbataı´river has three main tributaries: the Cabec¸a, Passa-cinco and Ribeira˜o Claro rivers. The predominant soil types in the region are Nitisols (44%) and Ferralsols (22%) (Valente and Vettorazzi, 2008) .
Originally, the Corumbataı´river basin was a heterogeneous landscape predominantly composed of deciduous forest, semideciduous forest, riparian forest, savanna and swamp forests (Rodrigues, 1999) . Deforestation in the basin began with the introduction of coffee cultivation and subsistence farming in the early 18th century with areas cleared for these purposes and subsequently replaced by pastures (Victor et al., 2005; CEAPLA, 2008) . More recently, sugarcane cultivation expanded (Valente and Vettorazzi, 2003) . With this intensive deforestation process, the remaining forest cover is highly fragmented and poorly conserved, largely restricted to steep slopes and isolated forest stretches next to water bodies. Currently, land use in the Corumbataı´basin consists mainly of pasture and sugarcane plantation (Valente and Vettorazzi, 2003) , comprising 44 and 26% total basin area, respectively. Native forests cover only 11% of the basin area (Valente and Vettorazzi, 2005) . 
Landscape characteristics of the catchments
Maps of land use, hydrography and catchment limits were obtained from Paula et al. (2011) using topographic maps (1:10 000, year 1979, Cartographic and Geographic Institute of the State of Sa˜o Paulo) and aerial photographs (scale 1:30 000, year 2000). Maps were derived using the software ArcGIS 9.2. For this work we considered only the main categories of land use: pasture, sugarcane and forest. The soil map used in the study was provided by the Center for Environmental Analysis and Planning (CEAPLA), Institute of Geosciences and Exact Sciences of Sa˜o Paulo State University, campus Rio Claro. Catchment characterization was based on the calculation of physical and landscape variables.
Physical variables included slope, elevation and the proportion of predominant soil classes. In order to extract the physical attributes of each catchment (elevation and slope), a digital elevation model (DEM) was generated from contour lines (5 m interval) using a Triangulated Irregular Network (TIN) model. The proportion of soil classes was obtained from map of soil classes. Landscape structure variables included the proportion of land use classes (extracted from the land use map), mean distance of forest to streams (DFS) and largest patch index. The calculation of average distance from the forest cover in relation to the hydrographic network was carried out in two steps. Initially, a surface distance (grid) in relation to streams was obtained. Subsequently, an overlay was performed using the distance surface and the land use maps to obtain average distance of the forest in relation to hydrography. The largest patch index was obtained by dividing the area of the largest forest fragment by the total area of catchment considered and multiplying the value obtained by 100 (McGarigal et al., 2002) . These variables were obtained at the scale of the catchment and riparian zone (except average distance from the forest to the river network) using ArcGIS 9.2 (Environmental Systems Research Institute, Redlands, CA, USA) and Fragstats 3.3 (McGarigal et al., 2002) . To calculate the metrics at the drainage network scale, a 30 m buffer zone (minimum distance set by the current Brazilian Forest Code) around the river network was generated.
Sampling
Water samples were collected during two seasons in year 2008, one in February (rainy season) and one in July (dry season). Samples were collected at pre-selected points (downstream) of the catchments under study, being a collection in each watershed. The field sites were located using a handheld computer Mio P550 and ArcPad 7.0 software. Turbidity measurements were obtained using a "Water Quality Checker" (Horiba, model U-10). A general characterization of the river channel at the collection points was also made (channel width and depth) using measuring tapes. Water samples were collected and stored in 1.0 and 0.5 L polyethylene bottles and kept at 10 xC during transportation to the laboratory. Subsequently, samples were thawed and the concentrations of total Kjeldahl nitrogen and N-nitrate were obtained following Mackereth et al. (1978) and total phosphorus following Golterman et al. (1978) . To determine the suspended material previously weighed filters of 0.45 mm were used. Water samples (1 L) were filtered with a vacuum pump and the filters were placed in an oven (24 h) and weighed. The amount of suspended material was obtained from the difference between the final and initial dry masses.
Data analysis
Differences in the physical and chemical characteristics of the water samples were tested in relation to predominant land use and land cover at the scale of catchment and riparian zone. The variables analyzed are shown in Table 1 . To define groups of river catchments according to the predominant use in each spatial scale, we performed a cluster analysis using the proportion of forest use, sugarcane and pasture as variable. Cluster analysis was performed using Pearson's distance as a measure of similarity and the un-weighted pair-group method using arithmetic averages (UPGMA) as the connection method (McGarigal et al., 2002) . To define the number of clusters to be interpreted, the level at which each dendrogram should be cut was defined using silhouette widths (Borcard et al., 2011) . At each fusion level, silhouette width was computed to measure the intensity of the link of the objects to their groups. Silhouette widths range from x1 to 1, and the best number of clusters is that with the largest average silhouette width (Borcard et al., 2011) .
Exploratory analysis (scatter plots and correlations) was used to assess data normality, linearity of relationships among variables and the presence of extreme data (outliers). Non-normal data were transformed to improve normality and linearity of relationships, as well as to downweight the influence of outliers. Log 10 transformation was applied for variables with a positive skewed distribution and arcsine transformation was applied for the variables of proportion (Table 1) (Zar, 1996; Quinn and Keough, 2002) . Graphical biplots from principal component analysis (PCA) were used to evaluate the formation of catchment groups generated by cluster analysis and to evaluate the relationships between limnological variables of the water and the proportions of the major land uses. For this analysis, the variables were standardized in the same scale from a correlation matrix (Quinn and Keough, 2002) .
Catchment groups for riparian scale were defined from the biplots and dendrogram. As the groups for catchment scale were not consistent in both analyses we separate them in two groups: agriculture (< 40% of forest) and mix of uses (i 40% of forest). These groups were considered to the ANOVA tests (Quinn and Keough, 2002) . MannWhitney tests were used for the variables that present residuals with non-normal distribution (Zar, 1996) .
Multiple linear regression was used to evaluate the relationship between the water variables (response variables) and landscape structure and the soil classes (independent variables) considering the two spatial scales and two seasons (rainy and dry). Prior to carrying out the regression analysis, the predictor variables were standardized to the same average scale (zero mean and standard deviation of one - Quinn and Keough, 2002) . Forward selection was performed to select the best variables in the models (Legendre and Legendre, 2000; Crawley, 2007) . Validity of the regression analysis was assessed by analyzing model residuals graphically (plots of residuals against fitted values; Quinn and Keough, 2002) and statistically (Shapiro test for the normality of the residuals).
Statistical analysis was performed using R (R Development Core Team, 2008) and the P< 0.05 level.
Results
The predominant land use at the catchment scale was pasture, except for S6 and S10 (mainly sugarcane) and S11 (mainly forest; Fig. 2 ). On the other hand, there was a predominance of forest at the riparian scale, except for S1, S4, S7 and S15, which exhibit a predominance of pasture, while sugarcane does not predominate any of the streams at this spatial scale (30 m buffer; Fig. 2 ).
The dendrogram generated by cluster analysis was cut at the fusion level to obtain three groups at the catchment scale (silhouette width = 0.48) and two groups at the riparian scale (silhouette width = 0.50; Fig. 3 ). At the catchment scale, eight sites formed a group dominated by pasture, while only three sites were representative for sugarcane and four sites were grouped to represent both, a predominance of pasture and forest (with a dissimilarity threshold of 1.7). At the riparian scale, five sites formed a group dominated by pasture, while other ten sites formed a group characterized by a predominance of forest (with a dissimilarity threshold of 2.5).
The biplots from PCA revealed a more refined pattern generated by cluster analysis at the catchment scale (Fig. 4(A) and Table 2 ). However, there was some overlap among groups showing that in several basins there is no dominant land use at this spatial scale. At the riparian scale (Fig. 4(B) and Table 2 ) there was a clear separation of groups similar to those generated by cluster analysis, with the biplot showing a dominance of pasture and forest at this spatial scale.
The results of the ANOVA and the Mann-Whitney tests show no difference in mean values for the variables evaluated, except for nitrate, that were higher in agriculture groups. At the catchment scale, the difference in nitrate concentration was significant in the dry season, whereas this difference was significant in both seasons at the riparian scale. For both scales evaluated, results showed that the relationships between water variables and the proportions of land use are very similar (Fig. 4(A) and Table 2 ). The nitrate variable (in both seasons) showed a positive relationship with the proportions of sugarcane and forest land use and a negative relationship with the proportion of pasture at both scales (catchment and riparian). The total nitrogen in the rainy season showed a weak inverse relationship with the proportion of sugarcane and a positive relationship with the proportion of pasture at both scales. Turbidity in both seasons had an inverse Table 3 ). The regression analysis revealed that SSD and TUD are influenced mostly by the type of soil in the catchment, while nutrients concentration are influenced by soil type, catchment physical attributes, land use and the spatial distribution of forest. SSD presented 48% of the variation explained by nitisols (NitC) and mean DFS and the 54% of variation in TUD explained by arenosols (AreC) and ferralsols (FerC). The 86% of the variation of TPD was explained by entisols (AreC and leptosols; LepC), catchments' mean slope (SLC), pasture (PC) and largest patch index in the catchment (LPIC). Nitrate was related to landscape in both seasons. In the dry season, nitrate variation was explained 58% by LPIC and by SLC. In the rainy season, 93% of the variation in nitrate concentration was explained by FerC and LepC, ElvC and LPIC.
Correlated aquatic variables at the riparian scale were almost the same as those at the catchment scale (SSD, SSR, TUD, NO 3 R and NO 3 D) (Table 4) . Our results showed that suspended sediment and turbidity were influenced by soil type and spatial distribution of the forest and NO 3 was influenced by land use, soil type, physical attributes and spatial distribution of the forest. In the dry season, suspended sediment showed 78% of the variation explained by largest patch index in the riparian zone (LPIR), Nitsols (NitR) and DFS. In the rainy season, its variation was also explained by LPIR and DFS in 54%. The variation in TUD was explained (54%) by NitR, leptosols (LepR) and LPIR. Nitrate was related to landscape in both seasons too; best model was found at dry season, with 81% of the variation in nitrate explained by LPIR, entisols (AreR and LepR) and riparian mean slope (SLR), while in the rainy season 72% of the variation in nitrate was explained by forest (FR) and DFS.
Discussion Influence of dominant land use types
The replacement of natural forests by agricultural lands affects hydrological processes within and across drainage basins, and consequently the physical and chemical characteristics of stream water (Ziemer and Lisle, 1998; Allan and Castillo, 2007) . Therefore, these changes tend to be more apparent in catchments where there is a predominance of agricultural activities (Quinn and Stroud, 2002; Allan and Castillo, 2007) . However, our results showed a more complex pattern in which the water variables did not differ between two groups, which showed contrasted levels of agricultural activity: indeed, they showed that nitrate concentrations were higher in more forested catchments for catchment scale (only in dry season) and for riparian scale (for both seasons). This could be explained at the catchment scale by the fact that the majority of the catchments studied present a mix of agriculture and forest patches. Thus, even when there are forests at the catchment scale, catchments also have a high proportion of agricultural uses, and therefore, water features may have been affected to the same extent as in locations where there is a predominance of agriculture.
At the riparian scale, we believe that two processes can explain the results: (1) the group with the highest proportion of forest has some level of fragmentation in the drainage network. Owing to places where forest coverage is fragmented act as non-point sources of pollution, this can be affecting water characteristics which are similar to what is found in deforested streams; (2) the management of sugarcane fields is so intensive (with high nutrient fertilization) that the riparian forest might not be able to retain the nitrate carried to the riparian areas by runoff or sub-surface flow (this is discussed in more detail in the next session). Consequently, the impacts of the surrounding agricultural areas are not effectively mitigated by riparian forests (Saunders et al., 2002) , causing the increase of nitrate concentration in the water. For example, although sites S10 and S11 had a predominance of forest in the riparian scale, there was also a predominance of sugarcane at the catchment scale. Consequently, these catchments showed high amounts of this nutrient despite a relatively high proportion of forest cover, in the two seasons evaluated. Catchments S9 and S13 also presented high concentrations of nitrate despite do not having sugarcane fields in their landscape. However, we observed in the field that they had a chicken farm located outside of the riparian area and we also observed some waste placed closed to the riparian area and in between the boundaries of these catchments, so the nitrate might be coming from this. These results indicate that the configuration of forest cover and also the catchment land use may be more important to explain water variables than only the dominant land use.
Relationship between catchment landscape and stream water characteristics Different landscape properties had an influence on the physical and chemical characteristics of stream water (Welch et al., 1998; Allan and Castillo, 2007) , but in this study, topography, soil type and forest's spatial configuration were more important than land use and the water variables were more affected in the dry season. Johnson et al. (1997) and Fernandes et al. (2014) found that geomorphology, seasonality and forest position from the sampling point affected water characteristics, respectively.
At the catchment scale, we found that suspended sediment in the dry season is higher in areas with more nitisols and major DFS. Nitisols are clayey, common to rough areas, are useful for agricultural activities and susceptible to erosion (Oliveira et al., 1992) . This added with increased distances of forests to streams can increase the sediments in the water. This occurs because forest act as a filter; the more distant they are from water bodies, less sediments are retained, consequently reaching the streams. Jones et al. (1999) found that stream reaches located distant from upstream forested reaches had more fine sediments and less habitat diversity than streams located close to an upstream forested reach. Also, Fernandes et al. (2014) found that stream water quality decreased as sampling sites distance increased from a forest remnant. These results show that forest position in the catchment is also an important factor to protect stream habitat and water in agricultural landscapes.
Turbidity in the dry season was negative related to arenosols and ferralsols. Arenosols are sandy, common in flat areas, with low water-holding capacity and nutrient poor, so usually non-used in agriculture activities (Oliveira et al., 1992; FAO, 2007) . Ferralsols can be used to agriculture practices, but are more resistant to erosion when compared with arenosols (Oliveira et al., 1992) . For this reasons the increase turbidity was not related to these characteristics.
Total phosphate in the dry season was positive related to entisols (arenosols and leptosols), pasture, largest patch index and negative related to slope. This soil types are naturally phosphate poor (Oliveira et al., 1992) , indicating that major concentration of phosphate can be related to deforestation or to an external source, like the presence of pasture. Stream draining pasture areas usually contain more phosphorus concentrations than forested areas (Cooper and Thomsen, 1988; Primavesi et al., 2002; Biggs, et al., 2006) , due to the use of fertilizers in the management of pasture (Smith and Monaghan, 2003; Sigua and Chase, 2014) . The study area does not present a great management of the pastures and, probably, does not have current nutrient application. Despite that, forest removal increases sediment input to the water and phosphorus is often bound to sediments (Biggs, et al., 2006; Parfitt et al., 2013) . This fact could be an explanation to the relation to this nutrient with pasture areas. Also, the presence of cattle itself can contribute to increase in phosphorus by animal excretion (Sigua and Chase, 2014) . James et al. (2007) found 10% of total phosphorus from agriculture reaching the streams directly by cattle excrement. Its relation with major fragments can be occurring due to the mix of land uses discussed previously.
Nitrate in the dry season increased with largest patch index and decrease with slope areas. For the rainy season, its increase was also related to major fragments together with ferralsols, while the minor concentrations related to elevation and leptosols. The increase of concentrations of NO 3 with values of largest patch index was contrary to our expectation, because a greater proportion of forests in the landscape should act to reduce nutrient input (Ziemer and Lisle, 1998; Allan and Castillo, 2007) . However, in our study area some catchments with larger forest fragments also had a higher proportion of sugarcane plantations due to the occurrence of more fertile soils in the flat areas of the catchment (i.e., ferralsols which are usually appropriate to agriculture; Oliveira et al., 1992) . Basins that drain agricultural crops have generally higher nitrogen concentrations than those draining pasture (Park et al., 2011) . This can be due to the application of fertilizer to crops (Bicalho et al., 2010) that reaches water bodies through runoff (most apparent during the rainy season) and also non-retained nitrogen by tropical forests (Neill et al., 2001) , which increases concentrations of nitrate in the stream water. The burning of sugarcane is also a factor that may be contributing to increase nitrate concentrations in the stream water in the sugar cane catchments. The burning of biomass in tropical regions release N oxides into the atmosphere, increasing N deposition and carrying its concentration in the water (Allan and Castillo, 2007; Martinelli and Filoso, 2008) .
We found a significant relationship between landscape and nitrate in both seasons. This showed that nitrate input in the water is not restricted to runoff in the rainy season, and probably, nitrate is reaching stream water by subsurface flow in the dry season. Heathwaite and Johnes (1996) found that 40% of the total annual supply of nitrogen in agricultural catchments was derived from subsurface flow. Different from our results, Johnson et al. (1997) found a significant relationship between landscape and nitrate only in the summer (end of the rainy period); the authors suggest a hydrologic connection between the catchment and the rivers during summer that was not present in autumn.
At the riparian scale, we found some similar results. For suspended sediment in the dry season, we found that NitR, LPIR and DFS are related to higher sediments in the water. It is common the largest forest patches are located in the headwaters because these areas are steep and not useful for agriculture. On the other hand, downstream areas are flatter and suitable for agriculture, with long deforested riparian reaches. Therefore, stream margins erosion tend to be higher on these deforested reaches since tree roots are not protecting the margins (Allmendinger et al., 2005) , thus increasing suspended sediments in the stream water. As the soil margins are largely composed of clay (nitisols), more suspended sediment is produced. In the rainy season, we found that suspended sediments increase as LPIR and DFS decreases. Despite the forest cover is closer to the stream, as LPIR decreases, less forest cover are present in the stream network (the patches are smaller) and more deforested areas are presented, causing stream margins erosion and generation of suspended sediments as explained before. This process tends to be higher in the rainy season as more runoff is produced increasing the input of sediments and also water discharge (that increase margins erosion).
Turbidity in the dry season also had an increase related to nitisols, leptosols and decreased with largest patch index. These two soils are used for agriculture practices that could favor turbid waters, probably because forests are controlling light incidence and primary productivity and also the low flow is not suspending fine sediments from the stream bottom. Conversely, the absence of forest in the pasture areas is associated with increasing the flow of particles as well increasing incidence of light and primary productivity (Quinn and Stroud, 2002; Scalley and Aide, 2003; Allan and Castillo, 2007) .
NO 3 showed a positive relationship with riparian forest and with largest patch index. Although riparian forests are known to act as a filter for sediments, nutrients and pesticides from surrounding agricultural areas (Wenger, 1999; Bicalho et al., 2010) and to efficiently retain nitrate (Naiman et al., 2005) , the remaining forests in our study area did not appear to be efficient in reducing the amount of nitrate entering streams due to runoff and subsurface flow from sugarcane plantations. In the dry season, NO 3 also showed a positive relationship with leptosols and arenosols in the riparian zone. The first one can be used for agriculture practices and the second presents a nitrate lixiviation that can explain these relationships (Oliveira et al., 1992) . The negative relationship with slope is in agreement with the soil types that are common of flat areas. In the rainy season nitrate also show a negative relationship with DFS. Maybe this explains the increase relationship of nitrate in the presence of forests because, despite of its presence, the large distances of the fragments to water results in the flow of nitrate to the streams.
Management implications
Changes in land use are influenced by topographic and geologic characteristics that ultimately determine patterns of usage, occupation and the type of activity that can be developed in the area. The patterns of use and occupation seem to explain the relationship observed in this study and agree with the findings of Silva et al. (2007) .
According to Saunders et al. (2002) , forests will be effective in maintain the natural characteristics of the aquatic environment only when they are well conserved and moderately impacted from anthropogenic sources. This is not which occurs in the study area, where the landscape is degraded and remnant forests are highly fragmented (Valente and Vettorazzi, 2008; Paula et al., 2011) . Neill et al. (2001) found higher concentrations of nitrate in forested catchments than in pasture ones in Amazon streams, and also, the use of fertilizers in sugarcane plantations in Brazil is lower compared to other more developed countries (Martinelli and Filoso, 2008) . Although the use of fertilizers in sugarcane plantations in Brazil is not as intensive as in other agricultural activities, their use has recently intensified for crop production (Martinelli and Filoso, 2008) . Indeed considering studies carried out in Sa˜o Paulo, Silva et al. (2007) found that there was an increase in the amount of nitrate in stream water probably related to fertilizers used in the cultivation of sugarcane and other crops, which is in agreement with our results. We also observed that pasture catchments with high proportion of forest in the landscape (S5, S8, S9, S12 and S14) did not show concentrations of nitrate as high as those observed in the catchment with sugarcane plantations. Also, in the study of Gerhard (2005) developed the Corumbataı´river basin, the catchments with great proportion of forest did not have major concentrations of nitrate.
These results show that degraded and highly fragmented forests may not be contributing directly toward the protection of aquatic ecosystems. The results obtained at the two spatial scales (catchment and riparian) indicate that the presence of degraded forests on both catchment and in riparian zones is not sufficient to contain the impacts of agricultural activity, reinforcing the need for the conservation and restoration of forests across both scales to exert a role of protecting and conserving the aquatic environment and water quality. Our results do not support the current modifications in the Brazilian Forest Code. The new Code decreases the extent of riparian forest areas in small farms, favoring the expansion of agricultural activities in the riparian zone. Preserving only an elevated proportion of riparian forests in the entire drainage network is not sufficient to promote water conservation in agricultural landscapes, especially when the areas are subject to agricultural effluents. Forests should be well conserved and not fragmented in the drainage network. Also, the agricultural activities in the catchment should be managed to guarantee stream and water protection. Thus, the measures adopted in the new Brazilian legislation will only further undermine the conservation of aquatic ecosystems and water resources, contributing to increase their degradation.
